Background {#section1-1533033820920253}
==========

Hepatocellular carcinoma (HCC) is one of the most common malignant tumor with high mortality worldwide.^[@bibr1-1533033820920253],[@bibr2-1533033820920253]^ Hepatocellular carcinoma is prone to occur early metastasis and often has a high recurrence rate.^[@bibr3-1533033820920253],[@bibr4-1533033820920253]^ Surgical resection is considered to be the main therapeutic treatment for early patients with HCC, but the prognosis is still poor.^[@bibr5-1533033820920253]^ In addition, the efficacy of combination therapy for patients with end-stage cancer, including postoperative molecular targeting therapy, radiotherapy, and immunotherapy, is also unsatisfactory.^[@bibr6-1533033820920253],[@bibr7-1533033820920253]^ Till now, the detailed pathogenesis of HCC progression is still poorly understood. The molecular mechanisms of HCC remain to be investigated in order to develop potential therapeutic targets for patients with HCC.

Previous research studies have identified a variety of HCC-related genes involved in liver cancer progression, such as defective kernel (DEK), cyclin D1, and insulin-like growth factor II.^[@bibr8-1533033820920253]^ MicroRNAs (miRNAs), which are noncoding RNAs composed of 18 to 24 nucleotides, were reported to regulate the expression of their target genes in posttranscriptional level, thereby participating in various biological processes, including cell proliferation, apoptosis, migration, and invasion.^[@bibr9-1533033820920253],[@bibr10-1533033820920253]^ Mechanistically, miRNAs impair messenger RNA (mRNA) degradation or translation by binding to the 3′-untranslated region (UTR) of target genes, leading to mRNA destabilization and protein translational inhibition.^[@bibr11-1533033820920253]^ The progression of HCC is also found to be regulated by various kinds of miRNAs.^[@bibr12-1533033820920253][@bibr13-1533033820920253][@bibr14-1533033820920253][@bibr15-1533033820920253]-[@bibr16-1533033820920253]^ Particularly, miRNA-499 was found to act as a biological indicator for the prognosis of HCC.^[@bibr17-1533033820920253]^ A previous work showed that downregulation of miR-499 promoted the HCC cell proliferation by histone deacetylases (HDAC1-3), suggesting that miR-499 may serve as a tumor suppressor.^[@bibr18-1533033820920253]^ However, the detailed molecular mechanisms of miR-499 in modulating HCC development are still elusive.

Astrocyte-elevated gene-1 (AEG-1) is a typical oncogene which promotes tumor growth, angiogenesis, metastasis, and drug resistance.^[@bibr19-1533033820920253]^ Astrocyte-elevated gene-1 is found to be highly expressed in many kinds of cancers, including ovarian cancer, breast cancer, esophageal squamous cell carcinoma, gastric cancer, colorectal cancer, non-small cell lung cancer, neuroblastoma, and kidney cancer.^[@bibr20-1533033820920253],[@bibr21-1533033820920253]^ Phosphatidylinositol 3-kinase (PI3K)/Akt, mitogen-activated protein kinase, Wnt/β-catenin, and nuclear factor-κB pathways were reported to promote the transcription of AEG-1 in cancer cells.^[@bibr21-1533033820920253][@bibr22-1533033820920253]-[@bibr23-1533033820920253]^ In HCC cells, high AEG-1 expression led to the enhanced cell proliferation and invasion,^[@bibr21-1533033820920253],[@bibr24-1533033820920253]^ suggesting the pathogenic role of AEG-1 in HCC. Nevertheless, how AEG-1 expression is regulated in HCC is still unclear. In the present study, we investigated the role of miR-499 and its functional target AEG-1 in HCC development.

Material and Methods {#section2-1533033820920253}
====================

Materials {#section3-1533033820920253}
---------

Oligonucleotides of miR-499 mimics, miR-499 inhibitor, negative controls (Ct), and small interfering RNA of AEG-1 were synthesized by Genepharma Co, Ltd (Shanghai, China). Astrocyte-elevated gene-1 overexpression plasmid (pCDNA3.1) and empty vector were also constructed by Shanghai GenePharma (Shanghai, China). Luciferase reporter plasmids containing the wild type seed regions of miR-499 in the 3′-UTR of AEG-1 were chemically synthesized by GenePharma. Bovine serum albumin was purchased from Sigma-Aldrich (St. Louis, Missouri). Dulbecco's modified eagle medium (DMEM) and fetal bovine serum (FBS) were obtained from Gibco BRL Life Technologies Inc (Carlsbad, California). BCA Protein Assay Kit, polyvinylidene difluoride (PVDF) membrane, and horseradish peroxidase--conjugated anti-rabbit IgG were provided by Thermo Fisher Scientific (Rockford, Illinois). TRIZOL reagent was purchased by Invitrogen (Carlsbad, California). Cell Counting-8 Kit (CCK-8) was obtained from Dojindo Laboratories (Tokyo, Japan). Penicillin and streptomycin were purchased from Beyotime Biotechnology (Shanghai, China).

Patient Samples {#section4-1533033820920253}
---------------

Patient samples were obtained from the Shanghai Public Health Clinical Center. The 15 samples of HCC and paired adjacent liver tissues were obtained from patients during the operation. This study was approved by the Shanghai Public Health Clinical Center Ethical Committee (approval no. SPHE-20180517a). All patients provided written informed consent prior to enrollment in the study. All tissue specimens were stored at −80°C until use.

Cell Culture and Treatment {#section5-1533033820920253}
--------------------------

### Cell line and vectors construction {#section6-1533033820920253}

Human HCC cell lines HEPG2 were provided by Chinese Academy of Sciences (Shanghai, China) and cultured in DMEM supplemented with 10% FBS (Gibco), penicillin (100 U/mL), and streptomycin (100 µg/mL). Cells were cultured and maintained at 37°C in a humidified atmosphere of 5% CO~2~ incubator.

### Cell transfection {#section7-1533033820920253}

To investigate the precise significance of miR-499 in HCC, miR-499 mimics, miR-499 inhibitor, and their negative control nucleotides were transiently transfected into HEPG2 cells. Based on the different treatment methods, HEPG2 cells were divided into 4 groups: the control mimic group (Ct mimic); the miR-499 mimic group (miR-499 mimic); the control inhibitor group (Ct inhibitor); and the miR-499 inhibitor group (miR-499 inhibitor). Cells were plated into 6-well plate with 70% to 80% confluence 24 hours prior to transfection. The oligonucleotides (50 pmol/mL) and vectors (2 μg) were transfected into HEPG2 cells using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. After 48-hour transfection, the subsequent experiment was carried out.

### Dual-luciferase reporter assay {#section8-1533033820920253}

For the dual-luciferase reporter assay, cells were plated into 24-wells plates before transfection. Cells were co-transfected with miR-499 mimic or miR-499 inhibitor and luciferase reporter recombinant plasmid (containing an AEG-1 3′-UTR construct) using lipofectamine2000 reagent. Following cultivation for 48 hours, the cells were harvested, and luciferase activity was determined using a dual-luciferase reporter assay system based on the manufacturer's instructions. Renilla luciferase activity was used as an internal reference for Firefly luciferase activity.

### Cellular proliferation assay {#section9-1533033820920253}

The CCK-8 assay was performed to assess cell proliferation. Briefly, transfected HEPG2 cells were seeded in 96-wells plate at a density of 5000 cells/well, and the cells were washed 3 times after incubation at 37°C overnight. Serum-free medium was added into each well, and cell proliferation was measured at 24, 48, and 72 hours. Subsequently, 10 µL of CCK-8 reagent per well was added and incubated for 1 hour at 37°C, the absorption value was measured at 450 nm following the manufacturer's protocol.

### Preparation of cell lysates and Western blot assay {#section10-1533033820920253}

The expression of AEG-1 in transfected HEPG2 (mimic and inhibitor) was confirmed by Western blot. Cultured cell lysates were prepared by lysis buffer supplemented with a protease inhibitor cocktail. The protein concentration of each sample was determined with the BCA Kit (Beyotime, Beijing, China). Protein samples were separated by sodium dodecyl sulphate--polyacrylamide gel electrophoresis and subsequently transferred to PVDF membrane for 120 minutes at 300 mA. After washing 3 times in TBST for 5 minutes, the membranes were incubated with the primary antibodies (AEG-1 and GAPDH) at 4°C overnight and the corresponding second antibodies were added for 1 hour at room temperature. Then immunoreactive bands were visualized by automatic chemiluminescence image analysis system (Tanon 5200 Multi, Shanghai, China).

Nude Mice Xenograft Studies {#section11-1533033820920253}
---------------------------

Female BALB/c nude mice (4-6 weeks of age; Vital River Laboratory Animal Technology Co Ltd, Beijing, China) were housed in a specific pathogen-free animal facility with controlled light (12-hour light/dark cycles), temperature, and humidity, with standard chow diet and water available. All the experimental procedures involving animals were approved by the Institutional Animal Care and Use Committee of Shanghai Public Health Clinical Center.

Subcutaneous xenograft models were established in the flanks of athymic nude mice using a density of 5 × 10^5^ HEPG2 cells. For long-term studies of miR-499 on liver tumor development, nude mice with 4 to 6 weeks of age were subcutaneously injected with HEPG2-miR-499 (transfected with miR-499 expression vectors) and detected for 22 days. Injection of HEPG2 cell in a group of age-matched mice served as controls. Xenografts tumor volume in 2 groups were measured at 8, 13, 17, and 22 days with a caliper and calculated using the following formula: length × width × width/2. For an assessment of the tumor weight, groups of HEPG2-miR-499 or HEPG2 injected nude mice were sacrificed 22 days after the fourth injection of miRNA. Mice were sacrificed by cervical dislocation under anesthesia with ether and the xenograft tumor tissue was explanted, isolated, and analyzed after 22 days for examination. For survival rate assays, 5 × 10^5^ HEPG2 and HEPG2-miR-499 cells were subcutaneously xenotransplanted in the flanks of nude mice and followed for 5 weeks. All experiments were performed with at least 8 mice in each group, and all of the experiments were repeated 3 times. After transfected with miR-499 overexpression vector, or control, HEPG2 cells were injected into nude mice and subcutaneously growth of HEPG2 in nude mice were detected by measuring.

Real-Time Polymerase Chain Reaction Analysis {#section12-1533033820920253}
--------------------------------------------

Total RNA of human HCC and cells was extracted with Trizol (Invitrogen) according to standard procedures. The OD260/280 value of the extracted RNA was detected with an ultraviolet spectrophotometer, and the RNA concentration was calculated. Then, reverse transcription of complementary DNA (cDNA) was performed following the instructions of the kit by the manufacturer's instructions (Takara, Shiga, Japan). Quantification of mRNA levels was conducted in the ABI PRISM 7500 Sequence Detection System (Applied Biosystems, Foster City, California) following the manufacturer's protocols. The designed primers were synthesized by Shanghai Sangon Biotech (Shanghai, China): miR-499, F, 5′-TAGAAGCTTGTGTCCCAGCTGCACAAGGTA-3′; R, 5′-TATCTCGAGTGTCTCCCATCACCACCACCA-3′; AEG-1, F, 5′-TTGAAGTGGCTGAGGGTGAA-3′; R, 5′-TACGCTGCTGTCGTTTCTCT-3′. The transcriptional levels of genes including AEG-1 and β-actin were examined. Data were analyzed by the 2^−ΔΔCt^ methods, and cDNAs were normalized to equal amounts using primers against β-actin.

Statistical Analysis {#section13-1533033820920253}
--------------------

Results were expressed as mean ± standard deviation. The differences between groups were analyzed by Brown-Forsythe test and, if appropriate, by 1-way analysis of variance. A *P* value of less than .05 was considered significant. All assays were repeated for 3 times.

Results {#section14-1533033820920253}
=======

Reduced miRNA-499 Expression in HCC Tissues {#section15-1533033820920253}
-------------------------------------------

First, we analyzed miR-499 expression in 15 HCC tumor tissues and the paired-adjacent non-tumorous tissues by real-time polymerase chain reaction (PCR). The results showed that the expression of miR-499 in HCC tumor tissues was significantly lower as compared to that in the matched adjacent liver tissues (*P* \< .001; [Figure 1](#fig1-1533033820920253){ref-type="fig"}). Therefore, we hypothesized that miRNA-499 was involved in modulating HCC progression.

![The expression level of microRNA-499 (miR-499) in 15 hepatocellular carcinoma tissues is downregulated compared to the adjacent liver tissues. Expression of miR-499 was analyzed by real-time polymerase chain reaction (PCR) and normalized against an endogenous control (U6 RNA). Data are mean ± standard deviation, \*\*\**P* \< .001.](10.1177_1533033820920253-fig1){#fig1-1533033820920253}

MicroRNA-499 Overexpression Reduced HCC Tumor Growth in Mice {#section16-1533033820920253}
------------------------------------------------------------

In order to further evaluate the biological functions of miR-499 on liver tumor development, we employed a subcutaneous tumor xenografted model in nude mice. To this end, HEPG2 cells were stably overexpressed with miR-499 ([Figure 2A](#fig2-1533033820920253){ref-type="fig"}) and then were subcutaneously injected into mice. Tumor volume was measured every 5 days postinjection. The results showed that compared to the control group (HEPG2-Ct), tumor growth rate in miR-499 overexpression group (HEPG2-miR-499) was significantly decreased ([Figure 2B](#fig2-1533033820920253){ref-type="fig"}). Mice were sacrificed on 22 days and tumors tissues were isolated and photographed, we found that the average volume of the tumor was decreased significantly in miR-499 overexpression group ([Figure 2C](#fig2-1533033820920253){ref-type="fig"}). In addition, the tumor weight in HEPG2-miR-499 group (0.623 ± 0.21 g) was significantly lower than that in the control group (0.962 ± 0.19 g) on day 22 (*P* \< .01; [Figure 2D](#fig2-1533033820920253){ref-type="fig"}). Moreover, survival analysis revealed that miR-499 overexpression significantly improved overall survival in HEPG2 tumor-bearing mice ([Figure 2E](#fig2-1533033820920253){ref-type="fig"}). These data demonstrated that miR-499 served as an antitumor miR in HCC.

![MicroRNA-499 (miR-499) overexpression suppresses the xenograft tumor growth of subcutaneous nude mice. A, miR-499 expression efficiency was measured after overexpression of miR-499 in HEPG2 cells. MicroRNA-499 expression level in HEPG2 cells transfected with miR-499 mimic was verified by real time-PCR. Data are from 3 independent experiments (mean ± SD). \*\*\**P* \< .001. Analysis of the xenograft tumors generated after injection with HEPG2 cells with miR-499 overexpression plasmids in nude mice, and HEPG2 cells as control. B, Comparative analysis of nude mice tumor growth curve in 2 groups at the indicated time. Data are mean ± SD; \**P* \< .05; \*\**P* \< .01. C, Representative images of hepatoma xenograft tumors in the HEPG2-Ct (upper panel) and HEPG2-miR-499 (lower panel) nude mice groups at day 22. D, Measure of tumor weight in 2 groups at the end of the study. Data are mean ± SD; \*\**P* \< .01. E, The overall survival rate of the HCC nude mice between HEPG2-Ct and HEPG2-miR-499 groups. The survival rate in nude mice was evaluated by Kaplan--Meier via the log-rank test. Data are mean ± SD; \**P* \< .05; N = 8. HCC indicates hepatocellular carcinoma; PCR, polymerase chain reaction; SD, standard deviation.](10.1177_1533033820920253-fig2){#fig2-1533033820920253}

MicroRNA-499 Suppresses the Growth of HEPG2 Cells {#section17-1533033820920253}
-------------------------------------------------

To further explore the biological function of miR-499 *in vitro*, we transfected miR-499 mimic or miR-499 inhibitor into HEPG2 cells. The transfection efficiency was confirmed by real-time PCR analysis, and the miR-499 expression level increased with miR-499 mimic and decreased with miR-499 inhibitor (data not shown). We then examined the effect of miR-499 on cell proliferation using CCK-8 assay. As shown in [Figure 3A](#fig3-1533033820920253){ref-type="fig"} and [C](#fig3-1533033820920253){ref-type="fig"}, miR-499 mimic significantly reduced the proliferation of HEPG2 cells 48 hours post-transfection, whereas miR-499 inhibition by miR-499 inhibitor markedly promoted cell proliferation. Similarly, the number of HEPG2 cells was significant reduced after miR-499 mimic transfection, while miR-499 inhibition significantly increased the number of HEPG2 cells ([Figure 3B](#fig3-1533033820920253){ref-type="fig"} and [D](#fig3-1533033820920253){ref-type="fig"}). Taken together, these data showed that miR-499 could cause growth retardation of HEPG2 cells.

![MicroRNA-499 (miR-499) inhibits the growth of HEPG2 cells. HEPG2 cells were transiently transfected with miR-499 mimics (A, C) or miR-499 inhibitor (C, D) for 48 hours. The cell proliferation was measured for 0, 24, 48, and 72 hours by CCK-8 assay (A, C) and countering (B, D). \**P* \< .05; \*\**P* \< .01, \*\*\**P* \< .001 versus Ct group. CCK-8 indicates cell counting-8 kit.](10.1177_1533033820920253-fig3){#fig3-1533033820920253}

MicroRNA-499 Targets the 3′-UTR of AEG-1 to Inhibit AEG-1 Expression {#section18-1533033820920253}
--------------------------------------------------------------------

To elucidate the underlying mechanism by which miR-499 inhibits cell growth, bioinformatics analysis was performed to search for the potential miR-499 target genes. Using the online miRNA target gene prediction tool TargetScan (<http://www.targetscan.org/>), an miR-499-binding site was observed in the 3′-UTR of AEG-1 ([Figure 4A](#fig4-1533033820920253){ref-type="fig"}). To investigate whether miR-499 directly regulates AEG-1 expression, we evaluated the effect of miR-499 overexpression or inhibition on AEG-1 expression by real-time PCR and Western blot analysis. As shown in [Figure 4B](#fig4-1533033820920253){ref-type="fig"} and [C](#fig4-1533033820920253){ref-type="fig"}, transfection with miR-499 mimic significantly decreased both the mRNA and protein levels of AEG-1, whereas miR-499 inhibitor increased their levels. To further verify whether miR-499 directly targets the 3′-UTR of AEG-1, we performed dual-luciferase reporter assays by inserting an AEG-1 3′-UTR into a luciferase reporter vector. As shown in [Figure 4D](#fig4-1533033820920253){ref-type="fig"}, miR-499 mimic significantly inhibited the luciferase activity, whereas miR-499 inhibition increased the luciferase activity.

![Astrocyte-elevated gene-1 (AEG-1) is a direct target of microRNA-499 (miR-499) in HEPG2. MicroRNA-499 binds to AEG-1 3′-UTR using the prediction of Targetscan online software. A, Schematic diagram of the miR-499 putative binding site in the 3′-UTR of AEG-1. Cells were co-transfected with wild-type AEG-1 3′-UTR and miR-499 mimic or miR-499 inhibitor for 48 hours. The expression of the AEG-1 mRNA (B) and protein (C) in HEPG2 cells were analyzed by real-time PCR and Western blot. D, Dual-luciferase reporter assay was performed in HEPG2 cells.\**P* \< .05 versus Ct. HEPG2 cells were transfected with AEG-1 expression or shAEG-1 plasmid to construct stable AEG-1 overexpressing or knockdown cells. HEPG2 clone stably transfected with empty pcDNA3.1 (HEPG2-Ct) was used as a control. The effects of miR-499 on the stably overexpressing (E) or silencing (F) AEG-1 in the viability of HEPG2 cell by standard CCK-8 assay. G, The efficiency of AEG-1 overexpression and silence were confirmed by Western blot. Data represent mean ± SD. \*\*\**P* \< .001. CCK-8 indicates cell counting kit-8; mRNA, messenger RNA; pcDNA, plasmid complementary DNA; PCR, polymerase chain reaction; SD, standard deviation; 3′-UTR, 3′-untranslated region.](10.1177_1533033820920253-fig4){#fig4-1533033820920253}

Next, we looked at the effect of AEG-1 on the proliferation of HEPG2 cells by CCK-8 assay. Restored AEG-1 expression reversed the suppressive effect of miR-499 mimic on the proliferation of HEPG2 cells ([Figure 4E](#fig4-1533033820920253){ref-type="fig"}). On the other hand, AEG-1 silencing reduced cell proliferation in miR-499 inhibitor-transfected HEPG2 cells ([Figure 4F](#fig4-1533033820920253){ref-type="fig"}). The efficiency of AEG-1 overexpression and silence in HEPG2 cells were confirmed by Western blot ([Figure 4G](#fig4-1533033820920253){ref-type="fig"}). Taken together, these results indicate that miR-499 directly binds to AEG-1 3′-UTR and inhibits AEG-1 expression, and the effect of miR-499 targeting AEG-1 on cell proliferation. Thus, miR-499 may function as a negative regulator of the AEG-1 expression.

MicroRNA-499 Suppresses HCC Growth by Downregulation of AEG1 {#section19-1533033820920253}
------------------------------------------------------------

To investigate whether miR-499 exerts its antitumor effect through downregulating the activity of AEG-1, the real-time PCR was used to detect the mRNA expressions of AEG-1 in the adjacent nontumor and tumor tissues from patients with HCC. The results showed that compared with the normal group, the expression of AEG-1 in the tumor tissues was significantly increased while that of miR-499 was significantly decreased (*P* \< .05; [Figure 5A](#fig5-1533033820920253){ref-type="fig"}), which demonstrated that miR-499 closely correlated with AEG-1. Spearman's rank correlation analysis showed that mRNA expressions of miRNA-499 and AEG-1 were negatively correlated (*r* = −0.8464, *P* \< .001; [Figure 5B](#fig5-1533033820920253){ref-type="fig"}). As determined by real-time PCR, AEG-1 was significantly decreased in the liver tumor compared with paired non-tumor tissue mice specimens ([Figure 5C](#fig5-1533033820920253){ref-type="fig"}). In addition, a statistically significant inverse correlation was revealed by Spearman correlation analysis between mRNA levels of miR-499 and AEG-1 in mouse tumor tissues (*r* = −0.7762; *P* \< .01; [Figure 5D](#fig5-1533033820920253){ref-type="fig"}).

![A, The expression of AEG-1 in human liver tumor and adjacent tissue was analyzed by real-time PCR. B, Spearman correlation test of microRNA-499 (miR-499) and AEG-1 mRNA expression in human tissues (*P* \< .001). C, HEPG2 cells transfected with miR-499 or Ct vector were injected subcutaneously into nude mice, and real-time PCR was carried out to measure AEG-1 expression in nude mice tumorous liver specimens. \**P* \< .05 compared with nontumorous specimens. D, correlation of the mRNA expressions of microRNA-499 and AEG-1 in nude mice as analyzed by Spearman rank correlation analysis; \**P* \< .001 compared with the HEPG2-Ct group. AEG-1, astrocyte-elevated gene-1; mRNA, messenger RNA; PCR, polymerase chain reaction.](10.1177_1533033820920253-fig5){#fig5-1533033820920253}

Discussion {#section20-1533033820920253}
==========

Hepatocellular carcinoma is considered as a refractory malignancy with a high mortality rate, and its global incidence has been increasing in recent years, especially in East Asia and Africa mainly due to the increasing incidence of hepatitis C virus infection and chronic alcoholism.^[@bibr25-1533033820920253]^ The regular treatment approaches for HCC mainly include surgical resection, liver transplantation, chemoembolization, and radiotherapy, but the overall therapeutic efficacy is still unsatisfactory.^[@bibr26-1533033820920253]^ Therefore, how to make an early diagnosis and appropriate disease assessment of patients with HCC are the key to improve the survival rate and reduce the mortality rate. Recently, with the development of genomics and molecular biology, it has been found that the activation of proto-oncogenes and signaling pathways are closely linked to HCC progress.^[@bibr27-1533033820920253],[@bibr28-1533033820920253]^ In our present work, we identified miR-499 as an antitumor miR in HCC using both *in vitro* experiments and *in vivo* HCC model, thus providing a candidate target for therapeutic intervention for HCC.

Previous studies showed that miR-449 acts as a tumor suppressor in prostate cancer through targeting CDK6 and CDC25A, thereby inhibiting pRb-E2F1 activity and inducing G1 phase cell cycle arrest.^[@bibr29-1533033820920253]^ Moreover, miR-499 was found to suppress HCC cell proliferation by targeting HDAC-1.^[@bibr18-1533033820920253]^ In this study, we found that the expression of miR-499 in HCC tissues was lower than that in the adjacent noncancerous tissues. Downregulation of miR-499 in HEPG2 cells resulted in significant suppression of HCC growth *in vivo* and *in vitro*. The results showed a new role for miR-499 in inhibiting tumor growth of HCC. This means miR-499 might serve as a novel diagnostic biomarker in patients with HCC. Besides, further studies are also needed to analyze the correlation between miR-499 expression and other pathological information of patients with HCC such as age, gender, alcohol history, tumor stage, metastasis, and survival, in order to ascertain whether miR-499 can also be used as a prognostic marker in HCC.

Subsequently, we predicted the target genes of miR-499 by online Targetscan software Human 7.2. Among these candidate target genes, AEG-1, also known as metadherin (MTDH),^[@bibr30-1533033820920253][@bibr31-1533033820920253]-[@bibr32-1533033820920253]^ was found to be the candidate target genes of miR-499. Astrocyte elevated gene-1 was identified as an oncogene in diverse types of cancers, including liver cancer.^[@bibr33-1533033820920253]^ The abnormally upregulated expression of AEG-1 in tumor cells often leads to the activation of several oncogenic signaling,^[@bibr34-1533033820920253]^ such as PI3K/Akt pathway.^[@bibr35-1533033820920253]^ Astrocyte elevated gene-1 deficiency nearly completely inhibited liver cancer development in mice,^[@bibr36-1533033820920253]^ suggesting a dominant role of AEG-1 in hepatocarcinogenesis. We confirmed miR-499 mimic can inhibit the expression of AEG-1 by real-time PCR and Western blot, and the luciferase activity of the miR-499-binding site of AEG-1 gene was significantly reduced after co-transfection with the miR-499 mimic in HEPG2 cells. Finally, an inverse correlation between miR-499 and AEG-1 expression in HCC confirmed that miR-499 suppresses HCC progression by downregulating AEG-1. Therefore, these results demonstrated that miR-499 plays tumor-suppressive roles in HCC progression by inhibiting AEG-1 expression. However, we cannot totally exclude the possibility that there are some other gene(s) responsible for the antitumor ability of miR-499, due to the fact that miRNAs typically have multiple mRNA targets. On the other hand, in the present work, we only employed a subcutaneous tumor model to investigate miR-499 function. Therefore, more HCC models such as a chemical-induced hepatic tumor or patient-derived xenograft model are needed to further evaluate the effect of miR-499 in the development of hepatocellular cancer.
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